Introduction
The technique of microinjection of mammalian eggs to introduce homologous and heterologous spermatozoa has been used to study various aspects of developmental biology (Uehara & Yanagimachi, 1976 , 1977 Thadani, 1980; Perreault & Zirkin, 1982; Barg et ai, 1986; Naish et al., 1987a, b; Perreault et ai, 1987) . This technique has also been used experimentally for human invitro fertilization programmes. Metka et al. (1985) , Laws-King et al. (1987) and Lassalle et al. (1987) microinjected spermatozoa into the peri-vitelline space of eggs; Lazendorf et al. (1987) microinjected human spermatozoa into the ooplasm.
To our knowledge, there have been no reports of karyotyped human chromosome complements after microinjection of human spermatozoa into mammalian eggs. Karyotyping of microinjected eggs would ensure that fertilization had actually occurred (as opposed to parthenogenetic acti¬ vation of the eggs) and it could also determine whether microinjected spermatozoa had an increased frequency of chromosomal abnormalities.
In this paper, we report our experience in developing a technique which allows chromosomal analysis of human spermatozoa after microinjection into hamster eggs.
Materials and Methods
A detailed technique for obtaining pronuclear human sperm chromosome complements after sperm penetration of golden hamster eggs which have had the zona pellucida removed has been published (Martin, 1983) . The methods reported here are similar but with alterations in the preparation of spermatozoa, manipulation of eggs, culture of injected eggs in colcemid and the actual techniques for microinjection of the human spermatozoa into the hamster eggs.
Media
Biggers-Whitten-Whittingham medium (BWW) (Biggers et al., 1971 ) with some modifications (Martin, 1983) (Bolanos et al., 1983; Brandriff et al., 1985a) at 37°C was added; the sample was well mixed with the buffer and sealed in a tube which was immersed in a jar of water at room temperature. This jar, in turn, was sealed and plunged into a styrofoam box of crushed ice which was closed and refrigerated at 4°C for 1-3 days (until the day of the experiment). On the experiment day, the spermatozoa in TEST-yolk buffer were removed from refrigeration and warmed at 37°C for 1 h. The spermatozoa were washed three times by centrifugation at 600 g as described above. The tips of the micropipettes were opened and cleaned as follows. The pipette was attached via a short length of intramedic P-90 tubing (Fisher Scientific, Edmonton, Alberta, Canada T5S 1J3) to a 5-ml syringe equipped with a blunt 20-gauge needle. The 5 ml of air in the syringe was subsequently compressed to~2-5 ml while the pipette tip was held in 20-25% hydrofluoric acid in water until very tiny bubbles appeared. Then the hydrofluoric acid was flushed in and out of the pipette 5 times, water was rinsed in and out 5 times and methanol was rinsed in and out 5 times. These procedures produced microinjection pipettes with glass that was extremely thin and sharp on the tip. The final inner diameter of the microinjection pipette was 6-7 pm. The injection pipette was filled with Fluorinert (FC-77: Sigma) and mercury (Fisher) was used to control the suction. Rejected injection micropipettes were used to fashion egg-holding pipettes. The pipettes were broken at approximately 100 pm diameter using a de Fonbrune (Beaudouin, Paris, France) microforge. The holding pipettes were fire-polished in a Bunsen burner flame until the inner diameter of the tip was 5-10 pm.
Just before injection, 20 pi 10% polyvinylpyrrolidone (PVP) (average molecular weight 360000) (Sigma) in 0-9% (w/v) NaCl was mixed with 20 pi of the sperm suspension on a glass slide to facilitate microinjection (Thadini, 1980 (Tarkowski, 1966) . After 2 weeks the chromosomes were stained with 0-5% quinacrine dihydrochloride (pH 4-5) for 25 min followed by three rinses in distilled H20 (pH 4-5) for a total of 10 min. The slides were mounted in distilled H20 at pH 4-5 and examined and photographed with a Zeiss fluorescent microscope with a D.C.-powered HBO W2 mercury lamp. The barrier filter was set at 47 and the excitation filter at BG3. The slides were subsequently stained with 3 ml Giemsa (Harleco, Sibbstown, NJ, U.S.A.) in 47 ml Gurr buffer (pH 6-8) for 5 min.
Sperm chromosome complements by human sperm fertilization of hamster eggs Sperm chromosome complements were also obtained by our usual technique of sperm fertilization of zona pellucida-free hamster eggs (Martin, 1983) Fig. 1 . Sperm chromosome complements were also obtained by allowing human spermatozoa to fertilize hamster eggs (Martin, 1983) . The results for the 4 donors are presented in Table 2 . The frequency of spermatozoa with chromosomal abnormalities varied from 11 to 12% including all types of abnormalities. For numerical abnormalities the range was 0 to 11 % and for structural abnormalities 0 to 12%. These donors were within the normal range observed for control donors in our laboratory . (Thadani, 1980; Perreault & Zirkin, 1982; Lanzendorf et ai, 1987) (Bolanos et ai, 1983; Brandriff et al., 1985a) slows sperm motility, we tried this method of sperm treatment before microinjection into hamster eggs. The frequency of spermatozoa with structural chromosomal abnormalities (39%) was significantly lower using TEST-yolk buffer and more of the spermatozoa could be analysed with precision. This is the first report of human sperm chromosome complements obtained after microinjection of human spermatozoa into hamster eggs. To our knowledge there is only one other report of chromosome studies performed after microinjection of mammalian eggs. Libbus et al. (1987) studied the incidence of chromosomal aberrations in hamster (Mesocricetus auratus) and vole (Microtus oregoni) spermatozoa after microinjection into hamster eggs (Mesocricetus auratus). In this study the spermatozoa were sonicated and flow-sorted using u.v.-laser irradiation to attempt to separate X-and Y-chromosome bearing spermatozoa. As observed in our study, the hamster egg chromosomes exhibited a low frequency of chromosomal aberrations (4-7%) but the microinjected spermatozoa had a very high frequency of structural chromosomal abnormalities. The flow-sorted spermatozoa had an average of 50% abnormalities; but even the control spermatozoa, treated only by sonication, had 20% (hamster) and 21% (vole) abnormalities. Libbus et al. (1987) suggested that either the sperm sonication or the microinjection procedure could have caused these chromo¬ somal abnormalities. Our results suggest that sonication induces chromosomal abnormalities in human spermatozoa since we observed a significant increase in the frequency of abnormalities in spermatozoa treated with sonication (91%) compared to TEST-yolk buffer (39%). Since exactly the same donors were not used in both types of experiments (only Donor A participated in both experiments), it is possible that donor age or individual variation in the frequency of sperm chromosomal abnormalities could have had some effect on the observed different frequencies of abnormalities after sperm treatment by sonication or TEST-yolk buffer, although we have never seen such high frequencies of sperm chromosomal abnormalities in previous studies using the technique of fertilization of hamster eggs (Martin et ai, 1982 (Martin et ai, , 1983 (Martin et ai, , 1987 Martin, 1984; . We have previously demonstrated that the frequency of structural chromo¬ somal abnormalities in spermatozoa increases with the age of the donor but there was no significant difference in the ages of the donors who participated in the sonication experiments (37 and 28 years) and those who participated in the TEST-yolk buffer experiments (37, 28 and 25 years) . In 35 normal men, the variation in the frequency of structural chromosomal abnormalities is 0-23% . To ensure that none of the donors who participated in the microinjection experiments had abnormally high frequencies of sperm chromosomal abnormalities with the technique of sperm fertilization, all the donors were tested by this method (Martin, 1983) and found to have normal frequencies of structural chromosomal abnormalities in spermatozoa (0-12%). Therefore, although our numbers are small, our results suggest that sonication induces chromosomal abnormalities in spermatozoa. Our study also suggests that human spermatozoa are more susceptible to sonication damage (or damage caused by a combination of sonication and microinjection) since we observed a much higher frequency of chromosomal abnormalities in human spermatozoa (91%) than has been reported in hamster (20%) or vole (21 %) spermatozoa (Libbus et al, 1987) .
However, even spermatozoa treated with TEST-yolk buffer before microinjection appear to have an elevated frequency of structural chromosomal abnormalities (39%) compared to sperm chromosome karyotypes obtained after sperm fertilization of hamster eggs (3-13% in four large studies: Martin et al., 1983 Brandriff er ai, 1985b; Kamiguchi & Mikamo, 1986) . Various techniques for sperm capacitation have been used to obtain sperm karyotypes after sperm penetration of hamster eggs, including TEST-yolk buffer (Brandriff et al., 1985b) Unfortunately not all the donors could be studied using TEST-yolk buffer as the capacitation medium, but 2 of the donors who participated in the microinjection TEST-yolk buffer experiments were also used for fertilization experiments with TEST-yolk as the capacitation medium. The frequency of structural abnormalities in these experiments was 0-12%. Therefore neither the TEST-yolk buffer treatment nor individual donor variation in the frequency of abnormalities appears to be the explanation for the high frequency of structural chromosomal abnormalities after microinjection. However, we have studied only a small number of sperm chromosome complements after microinjection and it is possible that statistical fluctuation or some factor other than the microinjection was responsible for the high frequency of structural abnormalities observed.
Microinjection of spermatozoa into homologous and heterologous eggs is a valuable technique to study early interactions of gametes and embryonic development. Microinjection of human spermatozoa into the ooplasm has been used experimentally for diagnosing male infertility in human in-vitro fertilization programmes (Lazendorf et ai, 1987) and microinjection of spermato¬ zoa into the perivitelline space has been suggested as a potential treatment of human infertility (Metka et al., 1985; Laws-King et al., 1987) . Our study demonstrates that it is possible to analyse human sperm chromosome complements after microinjection into the ooplasm of hamster eggs. Although our results are preliminary, our study also suggests that sonication induces a high fre¬ quency of structural chromosomal abnormalities in human spermatozoa and that microinjection into the ooplasm per se may cause an increased frequency of chromosomal abnormalities. Before the technique of microinjection of human spermatozoa into eggs is used clinically in in-vitro fertilization programmes, it will be necessary to assess the chromosomal normality of an adequate sample size of microinjected eggs.
